Supplementary
. Alignment of starfish Gwl with human and frog Gwls. The cDNA of the starfish Asterina pectinifera Gwl (ApGwl; DDBJ/EMBL/GenBank accession no. AB597032) contains an open reading frame coding for 870 amino acids; the predicted molecular weight is 94.9 kDa. The deduced amino acid sequence of ApGwl was aligned with human Gwl (HsGwl; NP_116233.2) and Xenopus laevis Gwl (XlGwl; NP_001084629) by ClustalW. Identical or closely related amino acids are shaded in black or gray, respectively, and gaps introduced for optimal alignment are indicated by dashes. The kinase domain is split into two regions, which are underlined, by a long stretch of unconserved amino acids.
suggesting that the anti-Gwl-C antibody inhibits Gwl activity in vitro. However, the Western blot signal was weaker in MI than Im (see a) possibly due to phosphorylation; and the efficiency of immunoprecipitation with the anti-Gwl-C antibody was slightly lower than that with the anti-Gwl-N antibody (top panel). Based on these two issues, Gwl kinase activity quantified by liquid scintillation counting was normalized to the Gwl protein amount, and the relative Gwl activities are shown in the bottom graph. (c) The anti-Gwl-C antibody suppresses Gwl activity only marginally in vivo, upon injection of a large amount of antibody into the cytoplasm or injection of a small amount into GVs. The anti-Gwl-C antibody (3.0 mg/ml) was injected into cytoplasm (200 pl or 400 pl) or into the GV (100 pl) of immature oocytes. These oocytes were treated with 1-MeAde, and 40 min later (MI: metaphase of meiosis I) oocyte extracts were prepared. Gwl activity in immunoprecipitates were measured as in (b). Gwl activity in uninjected Im or MI oocytes was examined as controls. Gwl activity was slightly inhibited by anti-Gwl-C; this effect was more pronounced when anti-Gwl-C was injected into GVs than into the cytoplasm. These results suggest that the introduction of larger amounts of anti-Gwl-C antibody into GVs might suppress Gwl activation after 1-MeAde treatment. (d) Injection of the anti-Gwl-C antibody along with ZZ-IBB suppresses the activation of Gwl, but not of cyclin B-Cdk1. Eight hundred pg of ZZ-IBB along with 600 pg of either the control IgG (Cont IgG+ZZ-IBB) or the anti-Gwl-C antibody (anti-Gwl+ZZ-IBB) were injected into cytoplasm of immature oocytes. These oocytes were treated with 1-MeAde, and at the indicated times, oocyte extracts were prepared for assay of Gwl (upper panel), and histone H1 kinase (H1K; that is cyclin B-Cdk1) (lower panel) activities. In oocytes which were uninjected or injected with the control IgG and ZZ-IBB, both Gwl and H1K activities were detectable after 1-MeAde treatment and maintained until 60 min. In contrast, Gwl activity, but not H1K activity, was suppressed in oocytes that were injected with the anti-Gwl-C antibody and ZZ-IBB. Thus, injection into cytoplasm of the anti-Gwl-C antibody along with ZZ-IBB suppresses Gwl activation at meiotic resumption, but suppression of Gwl activity does not affect H1K activity during meiosis I. Figure S3 . Comparison of endogenous and recombinant Gwl kinase activities, and determination of the amount of endogenous Gwl protein in a starfish oocyte. (a) Preparation of recombinant Gwl proteins. Wild type (WT) or kinase defective mutant (G52S) recombinant Gwl proteins (rGwl) were expressed in Sf9 cells and purified. To prepare active rGwl, Sf9 cells were treated with 100 nM okadaic acid (OA) 21 . The rGwls were fractionated by 10% SDS-PAGE and stained with CBB (upper panel). To measure kinase activity, rGwl (0.1 µg) was incubated with myelin basic protein (MBP) and [γ- 32 P]ATP. Phosphorylation of MBP was visualized with BAS2000 (lower panel) after running on 15% SDS-PAGE and staining by CBB. (b) Quantification of the activities of endogenous Gwl extracted from meta-I oocytes and rGwl purified from OA-treated Sf9 cells. Endogenous Gwl was immunoprecipitated from oocyte extracts of meta-I (MI). The active rGwl-WT purified from OA-treated Sf9 cells was also immunoprecipitated. The amount of Gwl protein in each immunoprecipitate was assayed by immunoblot (upper panel). To measure Gwl activity, each immunoprecipitate was incubated with MBP and [γ-32 P]ATP, and the phosphorylation of MBP was visualized as in (a) (lower panel). The amount of immunoprecipitated Gwl protein was quantified by Multi Gauge Ver. 3.0, and the activity of Gwl kinase was quantified by liquid scintillation counting of radioactivity incorporated into MBP. Gwl activity was normalized to the Gwl protein amount, and the mean of 5 separate samples was calculated for each type of Gwl (bar graph; error bars, SD). Active rGwl-WT was estimated to have 0.35-fold the specific activity of endogenous Gwl. (c) Measurement of the amount of Gwl protein in a starfish oocyte. Ten immature (Im) oocytes were dissolved in 15 µl of LSB. The amount of bacterially produced Gwl (b-Gwl) was determined by CBB-staining after SDS-PAGE, using BSA as a standard (data not shown). Various amounts of b-Gwl dissolved in LSB were mixed with 10 meta-I (MI) oocytes dissolved in LSB, and each mixture was adjusted to 15 µl by LSB. After SDS-PAGE, immunoblots with anti-Gwl antibody (upper panel) were visualized with LAS4000. Signal intensities were quantified with Multi Gauge Ver. 3.0. Each sample was also immunoblotted with anti-MAPK antibody to confirm the equivalent loading of oocyte extracts (lower panel). Due to hyperphosphorylation, endogenous Gwl in MI oocytes showed slower mobility in SDS-PAGE than endogenous Gwl in Im oocytes and b-Gwl in MI lysates. The amount of Gwl protein in an immature oocyte was estimated to be 0.06 fmol by comparison with various amounts of b-Gw Supplementary Figure S4 . Histone H1 kinase activity of cyclin B-Cdk1 is not affected by Gwl. Purified cyclin B-Cdk1 (1 pmol P/min in 1 µl) was incubated with active rGwl-WT (0.1 µg in 1 µl) in the presence of ATP (0.2 µl of ATP mixture containing 20 mM ATP; i.e., finally 1 mM ATP) at 25°C for 15 min. Thereafter, 1 µl of the incubation mixture was added with 10 µl of 50% Suc1-beads suspension, followed by incubation on ice for 30 min. The beads were then washed with kinase buffer-2 (1 ml, for 3 times) to remove Gwl. After running on 12.5% SDS-PAGE gel, histone H1 kinase activity associated with Suc1-beads (H1K activity; that is cyclin B-Cdk1 activity) was quantified by liquid scintillation counting. The rest (1 µl) of the incubation mixture (cyclin B-Cdk1, rGwl and ATP) was used to measure Gwl activity as a MBP kinase in the presence of 50 µM roscovitine. The protein amounts of cyclin B-Cdk1 and rGwl were assessed by immunoblot with anti-cyclin B and with anti-Gwl-C antibodies, respectively. As controls for cyclin B-Cdk1 or rGwl, respective vehicles were added. Finally, H1 kinase activity of cyclin B-Cdk1 treated with or without Gwl (4380 cpm or 5375 cpm, respectively) was normalized to the protein amount ratio of cyclin B (81:100), and shown at the bottom. Recombinant proteins. His-tagged N-terminal (1-306; Gwl-N-His) and His-tagged C-terminal (665-870; Gwl-C-His) polypeptides of starfish Gwl were expressed in E. coli BL21 Star (DE3) (Invitrogen) using pET21b (Novagen). Both were expressed mostly in the form of insoluble inclusion bodies. Gwl-C-His was purified with Ni-NTA Agarose (Qiagen) under denaturing conditions, and dialyzed against PBS. Because Gwl-N-His failed to bind efficiently to Ni-NTA Agarose under the denaturing conditions, Gwl-N-His was purified by excision of a gel slice. These Gwl-N-His and Gwl-C-His polypeptides were used for immunization of rabbits.
To prepare N-terminal 6xHis-tagged, full length recombinant Gwl protein (rGwl-WT), the ORF of starfish Gwl was amplified by PCR and cloned into pFastBacHTA (Invitrogen). According to the instructions for the Bac-to-Bac Baculovirus expression system (Invitrogen), recombinant baculovirus was generated, amplified and used to infect Sf9 cells. Ninety-six hour after infection, cells were lysed and rGwl-WT was purified with Ni-NTA Agarose. To prepare mitotically active rGwl-WT, Sf9 cells were treated with 100 nM okadaic acid (OA) for 12 hr prior to harvest as described 21 . The kinase deficient mutant of rGwl (rGwl-G52S) was generated with the QuikChange site-directed mutagenesis kit (Stratagene). rGwls were purified as described 21 and dialyzed against a buffer containing 80 mM NaCl, 1 mM DTT, 20 mM HEPES, pH 7.5.
For bacterial expression of C-terminal His-tagged rGwl (b-Gwl), the ORF of starfish Gwl was amplified by PCR and cloned into pET21b. b-Gwl was expressed in E. coli Rosetta2 (DE3) cells (Novagen) and purified with the IMAC Ni-charged resin (Bio-Rad), followed by dialysis against PBS.
To prepare His-tagged ZZ-IBB, tandem repeat of two tandem copies of the Z domain, which is a synthetic IgG-binding domain based on the IgG binding domain of protein A 39 , was amplified by PCR from pEZZ18 (GE Healthcare), and cloned into pET21a along with the coding region of the importin β-binding domain of importin α 40 . Six His-tagged ZZ-IBB was expressed in E. coli Rosetta2 (DE3), purified with Ni-NTA Agarose and dialyzed against PBS.
To prepare GST-FLAG-MASTL for immunization, full length human MASTL cDNA (cDNA clone MGC:17352 IMAGE:3449913) was fused with the FLAG epitope at its 5' end and ligated into pGEX4T3 (GE Healthcare). GST-FLAG-MASTL was expressed in E. coli BL21 CodonPlus (Stratagene) as inclusion bodies. For affinity purification of anti-MASTL antibody, MASTL-His was expressed in E. coli Rosetta2 (DE3) using pET21b, and purified under denaturing conditions with Ni-IMAC.
Antibodies. Anti-starfish Gwl-N (1-306) and anti-starfish Gwl-C (665-870) rabbit polyclonal antibodies were raised against each polypeptide. Each antibody was affinity-purified with Immobilon membranes (Millipore) to which each antigen was transferred as described 35 , and then concentrated with Vivaspin 2 (Sartorius), followed by buffer exchange to PBS. The anti-Gwl-N antibody (1.5 mg/ml) was used for immunoprecipitation and measurement of Gwl activity, and the anti-Gwl-C antibody (3 mg/ml) was used for immunoblots and inhibition of Gwl activity.
Anti-human MASTL antibody was raised by immunizing a rabbit with GST-FLAG-MASTL and affinity-purified with membranes to which MASTL-His was transferred.
Immunoblots. Immunoblotting was performed as described 35 . Primary antibodies used The reaction was terminated by the addition of 10 µl 4xLSB and boiling for 5 min. For histone H1 kinase assay, 0.5 µl of supernatant was mixed with 4.5 µl kinase buffer-2, to which was added 5 µl kinase buffer-2 containing 0.6 mg/ml of histone H1 and 14.8
MBq/ml [γ-32 P]ATP, and then the solution was incubated for 15 min at 25°C. The reaction was terminated, and the phosphorylation of MBP or histone H1 was autoradiographed and quantified as above.
To measure the activity of rGwl, rGwl-WT (0.1 µg), which was purified from Sf9 cells treated or untreated with OA, was diluted into 5 µl with kinase buffer-2, and added to 5 µl kinase buffer-2 containing 0.6 mg/ml MBP, 10 µM Roscovitine, 0.5 µM ATP and 14.8 MBq/ml [γ-32 P]ATP. After incubation for 30 min at 30°C, the reaction was terminated by addition of 10 µl 2xLSB and the phosphorylation of MBP was visualized and quantified as above. The kinase activity per protein amount of the active rGwl-WT was 35% of that of endogenous Gwl in meta-I oocytes ( Supplementary Fig. 3b ).
Phosphatase treatment. One µl of the oocyte extract, from the large scale preparation mentioned above, was mixed with 14 µl of phosphatase mixture [800 units λ-protein phosphatase (New England BioLabs), 0.1 mM EDTA, 5 mM DTT, 0.01% Brij-35, 2 mM MnCl 2 , 50 mM Tris-HCl, pH 7.5] and incubated for 60 min at 30°C. The reaction was terminated by addition of 5 µl 4xLSB and boiling for 5 min.
Cell culture. HeLa (Kyoto) cells were cultured as described previously 36 . Cells were synchronized at interphase by a G1/S block with 2 mM thymidine for 18 hrs. To obtain mitotic cells, the interphase-synchronized cells were released from the G1/S block by removal of thymidine. After 5 hs, cells were treated with 100 ng/ml Nocodazole for 5 hrs, and mitotic cells were collected by shake-off. The interphase and the mitotic cell samples were each lysed in lysis buffer (150 mM NaCl, 20 mM β-glycerophosphate, 5 mM MgCl 2 , 5% glycerol, 0.1% NP-40, 20 mM Tris-HCl, pH 7.5).
